Time is a fundamental dimension of cognition. It is expressed in the sequential ordering of individual elements in a wide variety of activities such as language, motor control or in the broader domain of long range goal-directed actions. Several studies have shown the importance of the frontal lobes in sequencing information. The question addressed in this study is whether this brain region hosts a single supramodal sequence processor, or whether separate mechanisms are required for different kinds of temporally organised knowledge structures such as syntax and action knowledge. Here we show that so-called agrammatic patients, with lesions in Broca's area, ordered word groups correctly to form a logical sequence of actions but they were severely impaired when similar word groups had to be ordered as a syntactically well-formed sentence. The opposite performance was observed in patients with dorsolateral prefrontal lesions, that is, while their syntactic processing was intact at the sentence level, they demonstrated a pronounced deficit in producing temporally coherent sequences of actions.
INTRODUCTION
A central issue in cognitive neuroscience is how elements are bound together into temporally ordered hierarchies. Although the frontal lobes have long been thought to play a role in this function, little is known about the way in which sequences are represented in this brain region. As previously suggested for working memory functions (Wilson, O'Scalaidhe and Goldman-Rakic, 1993; Goldman-Rakic, 1997) it is possible to speculate that sequence processing is organised in a modular manner within the frontal cortex. A rationale for a cortical division of labour within frontal areas is suggested by the possibility that different knowledge structures are processed within different temporal windows. For instance, complex goal-directed actions may require specific mechanisms to
